AbstrACt
Purpose The l'Actuel PrEP Cohort was established to monitor the uptake, effectiveness, safety and changes in sexual risk behaviours among individuals receiving preexposure prophylaxis (PrEP) for the prevention of HIV. This prospective dynamic cohort is based at Clinique médicale l'Actuel, a large sexual health clinic located in Montreal, Canada. Participants Since the cohort inception in January of 2013 through June 2018, 2156 individuals consulted for PrEP as participants in the l'Actuel PrEP Cohort. Median age was 35 years (IQR: 29-44 years) and the majority (96%) were men who have sex with men. Among 1551 individuals who initiated PrEP care, the median duration of follow-up was 9.2 months (IQR: 3.7-19.6), with substantial variation based on year of cohort entry. The l'Actuel PrEP Cohort contains both daily and intermittent 'on-demand' PrEP users and has the largest reported population of intermittent PrEP users (n=406) in North America. Findings to date No incident HIV infections have occurred among individuals using PrEP over 1637 person-years of follow-up. However, retention in PrEP care is essential as three individuals who discontinued PrEP subsequently acquired HIV, translating to an HIV incidence of 3.9 cases per 100 person-years (95% CI: 1.3 to 12.1). Among a sample of participants with 1 year of follow-up before and after PrEP initiation (n=109), a moderate increase in sexually transmitted infections was observed following PrEP start. Future plans The l'Actuel PrEP Cohort continues to grow with new participants starting PrEP monthly and extended follow-up for existing users. The cohort data will be used for ongoing monitoring of PrEP and for population-level modelling of the impact of PrEP on HIV incidence in Montreal.
IntroduCtIon
Pre-Exposure Prophylaxis (PrEP) is a relatively new biomedical prevention method for individuals at risk of HIV acquisition. Oral PrEP is composed of two antiretroviral drugs, tenofovir disoproxil fumarate and emtricitabine (TDF-FTC), which when combined are highly effective at preventing HIV infection-as shown in several randomised-controlled trials documenting efficacy of daily PrEP among men who have sex with men (MSM), 1 2 transgender women, 1 heterosexual discordant couples, 3 4 and people who inject drugs. 5 An intermittent 'on-demand' PrEP dosing regimen consisting of two pills taken before sex, followed by one pill every day until 2 days after the last sexual event, has also been shown to be efficacious among MSM. 6 7 Despite early evidence of PrEP effectiveness since 2010, 1 PrEP uptake in Canada has been relatively slow. The province of Quebec issued a brief set of interim guidelines recommending PrEP use for at-risk MSM in 2013, 8 the first Canadian province to do so. Health Canada approved daily PrEP using TDF-FTC in February 2016. 9 The Canadian guidelines on PrEP were released in late 2017, recommending daily PrEP as the regimen of choice for adults at ongoing high risk of HIV infection (strong recommendation), and on-demand PrEP as an alternative regimen among strengths and limitations of this study ► The l'Actuel PrEP Cohort is currently the largest prospective ongoing cohort of pre-exposure prophylaxis (PrEP) for HIV prevention in Canada, and provides essential data documenting the real-world effectiveness of PrEP among men who have sex with men and other populations at-risk for HIV in Montreal. ► Strengths include a large sample size and the prospective collection of detailed clinical, behavioural and laboratory data spanning over 5 years. ► Data collection occurs as an integrated part of PrEP care provided at a community clinic in a universal healthcare setting; therefore the cohort is believed to be broadly representative of local PrEP users. However, several data-items are self-reported and may be subject to reporting bias, in particular for sexual behaviour variables. ► The l'Actuel PrEP Cohort is based at a single site in Montreal and does not track participants who changed their PrEP service provider. PrEP use is dynamic and it is often difficult to distinguish between loss to follow-up and voluntary PrEP discontinuation.
Open access MSM (weak recommendation). 10 As Health Canada issued approval for daily PrEP only, current use of on-demand PrEP is considered 'off label'. 11 The 2017 Canadian guidelines recommend PrEP for MSM who report condomless anal sex within the last 6 months and have one or more additional risks such as: having syphilis or a rectal sexually transmitted infection (STI); recurrent non-occupational post-exposure prophylaxis (PEP) episodes; having a current HIV-positive sexual partner with significant risk of transmissible HIV; or receiving a high score on the HIV Incidence Risk Index (HIRI)-MSM evaluation tool (score ≥11). 10 The updated 2019 Quebec PrEP guidelines include the same PrEP indications among MSM as the Canadian guidlelines, with the exception that the HIRI-MSM criteria is replaced with two additional indications: use of psychoactive substances during sex and/or having had two or more sex partners within the last 6 months. 12 In most settings in Canada, PrEP is prescribed primarily by HIV or sexual health specialists, however there are no restrictions for general practitioners to prescribe PrEP. 13 Public reimbursement of PrEP varies provincially across Canada. In Quebec, TDF-FTC is reimbursable through the provincial drug plan without restriction by HIV status, thereby permitting off-label dispensing to PrEP users since 2013 with a monthly copayment ($80-90 CAD) or via private insurance. Elsewhere in Canada, TDF-FTC for use as PrEP was not reimbursable until after 2017, 13 and therefore was largely inaccessible due to prohibitive out-of-pocket costs ranging from $800 to 1000 CAD for a monthly course of daily PrEP.
14 This issue of cost as a barrier to PrEP access was addressed in a 2016 report by the Canadian Drug Expert Committee of the Canadian Agency for Drugs and Technologies in Health recommending that the cost of PrEP be subsidised by public drug plans in Canada. 15 In 2013, following Quebec's interim PrEP guidelines, Clinique médicale l'Actuel became the first centre in Canada to open a PrEP clinic and to promote PrEP uptake directly to individuals at risk for HIV acquisition. L'Actuel is a major sexual health centre located in Montreal's Gay Village. Since 1984, l'Actuel has served as a top referral site in Montreal for HIV and STI testing and treatment; and since 2000, for medical HIV prevention services using PEP. 16 During the early implementation phase of the PrEP clinic (July 2012-November 2013), predictors of interest in taking PrEP were assessed by administering a survey to 1179 MSM clients attending a rapid HIV-testing site in Montreal's Gay Village by outreach workers. Over half (55%) of respondents expressed interest in PrEP. 17 This encouraged the development of the l'Actuel PrEP Cohort with the view that offering PrEP at a community-based sexual health centre could be the optimal delivery model for individuals seeking PrEP, as opposed to offering PrEP in a hospital setting which often poses challenges to patients in terms of navigating complicated tertiary care systems. In contrast to earlier trials that specifically targeted individuals at the highest risk of HIV acquisition, uptake of PrEP in real-world programmes, such as the l'Actuel PrEP Cohort, could therefore result in more diverse risk profiles.
Cohort desCrIPtIon
The l'Actuel PrEP Cohort was established in 2013 to measure the effectiveness of PrEP for HIV prevention and to study the clinical, demographic and behavioural characteristics of the population accessing PrEP in Montreal, Canada. The l'Actuel PrEP Cohort prospectively collects data on PrEP care from the initial consultation and throughout PrEP utilisation to provide an evidence base for research areas including: clinical monitoring of side effects related to TDF-FTC, STI and HIV risk, change in sexual behaviour s and access to other HIV prevention services. By providing real-world data to characterise PrEP use and practices, evidence generated from the l'Actuel PrEP Cohort can serve to inform clinical practice and assist public health decision-making. The l'Actuel PrEP Cohort is integrated into, and supported through, routine clinical care. Data collection is carried out by clinicians, nurses and researchers. Data collection is ongoing with no planned end date.
Participants
The study is a prospective dynamic cohort. Recruitment of participants into the PrEP cohort has been ongoing since January 2013. Eight individuals initiated PrEP at l'Actuel from 2011 to 2013, outside of the context of the research cohort, and are therefore not included in the present cohort description. Recruitment methods include in-person (active) enrolment whereby healthcare providers recommended PrEP initiation to individuals at risk for HIV acquisition (ie, condomless anal sex, repeated episodes of PEP or recent rectal STI). Additionally, community-directed (passive) messages are delivered via promotion of l'Actuel's PrEP clinic in local gay magazines, social media platforms and word-of-mouth. All adults (≥18 years) seeking PrEP at l'Actuel are invited to participate. Written informed consent is obtained from all participants entering the cohort. Participation is non-incentivised and entirely voluntary. Research cohort inclusion criteria include: seronegative for HIV at baseline, being recommended or prescribed PrEP and providing consent (figure 1). All analyses are performed on de-identified data.
From January 1, 2013-June 30, 2018, 2385 individuals consulted for PrEP and completed baseline questionnaires (figure 1). Of this number, 229 individuals were excluded: those who did not provide consent for the use of their data for observational research (n=198, 8%), those without substantial risk factors for HIV acquisition among whom PrEP was not recommended (n=30, 1%), and one individual who tested seropositive for HIV at the baseline consultation (n=1, <1%). Among 2156 individuals included in the l'Actuel PrEP Cohort, baseline prescriptions consisted of daily PrEP (n=1647, 76%) or Open access on-demand PrEP (n=406, 19%); baseline prescription was undocumented in 103 (5%) of cases. A total of 1551 individuals (72%) attended the first PrEP follow-up visit (by July 31, 2018) and reported PrEP initiation and 605 did not initiate PrEP care. Follow-up time was lagged 1 month later than the end of reported PrEP baseline consults included in this analysis to allow measurement of PrEP initiation (ie, we included follow-up visits up to July 31, 2018 to measure PrEP initiation for all those consulting up to June 30, 2018) . Among those who did not initiate PrEP care, the majority never returned for visits after baseline (n=504, 83%) and others came for a follow-up and reported not initiating PrEP (n=101, 17%). Table 1 outlines characteristics of participants by PrEP initiation status.
PrEP cohort participants had a median age of 35 years (IQR: 29-44), were mostly cis-male (98%), and identified as either homosexual or bisexual (97%). At baseline, participants reported having had a median of 2 regular and 10 occasional sexual partners within the past 12 months. Regular sexual partners are defined as those who are seen recurrently whereas occasional partners are seen only once or twice (ie, casual hookups). Over two-thirds of participants had post-secondary education (college or university) and 58% had an annual income above $35 000 CAD. For comparison, the median income in Quebec ranged from $32 500 to 33 500 CAD during the study period (2013-2017). 18 The majority of participants (87%) had received some form of care at l'Actuel prior to their PrEP consult; whereas 13% of patients came to l'Actuel uniquely for PrEP.
Clinical visits
Participants seeking PrEP complete a baseline PrEP consultation and, if indicated, they receive a prescription for PrEP. 8 10 Next, a first follow-up visit is scheduled 30 days later. Subsequent follow-up visits are scheduled at 3-month intervals-at which time the PrEP prescriptions are renewed. Clinical management of individuals on PrEP follows a specific protocol, summarised in figure 2, and is supported by a specialised team of doctors, nurses and pharmacists.
Overall, 6407 PrEP follow-up visits occurred among 1551 individuals; totalling 1637 person-years of follow-up. Trends in PrEP follow-up visits have been summarised in table 2. The median duration of PrEP use per individual in the cohort is 9.2 months (IQR: 3.7-19.6). Using the definition of active PrEP users as those who have presented Figure 1 Flow chart of l'Actuel PrEP Cohort participants. *Individuals were considered to not have started PrEP care if they did not return for any PrEP follow-up visits after baseline, or if they returned for their PrEP follow-up visit and reported that they did not start PrEP. **Retention in care is measured as an active PrEP prescription at a follow-up visit within the past 6 months. PrEP, pre-exposure prophylaxis.
Open access for at least one PrEP visit from February 1 to July 31, 2018; there are 679 active participants (32%) in the PrEP cohort. Currently, 606 individuals have not returned for follow-up visits in over 6 months. These individuals may have decided to temporarily or permanently discontinue PrEP or may have changed care providers; however their PrEP use status is unknown. 266 individuals have reported to the clinic that they have discontinued PrEP. PrEP discontinuation among individuals who would continue to benefit from this HIV prevention method is an area of concern. We observed that the rate of individuals not initiating PrEP increased over the study period, from 15% in 2013 to 41% in 2018. We hypothesise that this may be related to different patient characteristics between 'early initiators' who sought PrEP when it was a newly available prevention measure (2013) (2014) (2015) and may have been more motivated to start PrEP than those who consulted for PrEP after approval by Health Canada (2016-2018). Further research is needed to better understand patterns of PrEP initiation/discontinuation and their underlying determinants in our cohort and elsewhere.
Measurements Individuals consulting for PrEP receive a baseline medical exam consisting of HIV tests (fourth generation antibody/antigen test, HIV rapid tests when necessary, and if last potential HIV exposure occurred within window period for seroconversion, additional viral load Open access tests may be performed), syphilis serology, PCR detection of chlamydia and gonorrhoea in three sites (pharynx, urethra and anus), hepatitis C and A virus antibody tests, hepatitis B antigen tests and serum creatinine measurement (table 3) . Additionally, a baseline questionnaire is completed to collect demographic and behavioural data. The first component of this questionniare is self-administered by participants and collects demographics and information on behavioural risk factors, the second component collecting data on medical history is filled by the nurse who also completes a blood draw and STI testing, finally, a doctor meets the participant to review the questionnaire and prescribe (or not) PrEP as either a daily or on-demand regimen. The United States Centres for Disease Control risk-evaluation tool, HIRI-MSM, 19 has been integrated into baseline PrEP consultations since June 2016 as a self-administered component.
The decision to initiate PrEP and, if so, which PrEP regimen to adopt are based on a discussion between patient and clinician which reviews a patient's indication for PrEP, and addresses, but is not limited to, criteria defined in the Quebec and Canadian PrEP guidelines. 8 10 PrEP regimens were only prescribed as daily TDF-FTC up to March 2015. From March 2015 onwards, PrEP was also prescribed as an on-demand regimen consisting of two doses taken 2-24 hours prior to sex, a third dose taken 24 hours after the first doses and a fourth dose 48 hours after the first doses (or one time per day until 48 hours after last sexual exposure). All PrEP users receive in-depth counselling on PrEP use as well as other strategies for reducing risk. This approach encourages the use of combined prevention strategies such as condoms and discussions of the importance of frequent HIV/STI testing for themselves and their partners.
The follow-up visits include repeat HIV/STI tests, monitoring of side effects including gastrointestinal symptoms, fatigue and changes in creatinine levels. The nurse/ clinician administered follow-up questionnaire assesses behavioural changes, adherence to PrEP and side effects (table 3) . Counselling is provided regarding PrEP adherence and use of combined prevention strategies.
Missing data
Data collection occurs during baseline and follow-up PrEP visits using a combination of paper and electronic forms. Open access may be reporting biases whereby individuals do not wish to document sensitive personal information regarding sociodemographic status and/or sexual behaviours. For example, baseline data are missing for educational attainment and annual income among 19% and 16% of the sample, respectively. The indication for receiving PrEP is missing in 19% of cases and 20% of cases have missing data for the numbers of sexual partners within the past 12 months.
Patient and public involvement
The initial implementation of the l'Actuel PrEP Cohort and research focus was informed by a survey of Montreal's MSM community members conducted at a rapid HIV testing site (l'Actuel sur Rue). 17 In addition to PrEP-related questions such as, 'If findings proved that PrEP was effective in protecting you against HIV infection, would you take it?', participants were asked a series of demographic and behavioural questions aimed at understanding predictors of interest in PrEP. Results showed that 55% of the 1179 gay community members surveyed were interested in taking PrEP and that interest was highest among individuals in serodiscordant couples, those having over 10 sexual partners within the past 3 months, or responding to the survey after Quebec's interim PrEP guidelines were published. L'Actuel PrEP Cohort's participants were not formally involved in the study design, recruitment, or conduct of the study. However, word-of-mouth among individuals receiving PrEP was a source of referral for new patients seeking PrEP at l'Actuel. Study results have been disseminated to PrEP users and the public via articles in local news sources and gay media. [20] [21] [22] FIndIngs to dAte Incident hIV infections To date, no new HIV infections have been detected among individuals using PrEP over 1637 person-years of follow-up. However, we have observed seroconversions following PrEP discontinuation, as explored in a study that included 1258 PrEP users who initiated prophylaxis and returned for ≥1 PrEP visit from January 2011 to September 2017. 23 Among those who reported PrEP discontinuation and remained in primary care at l'Actuel (n=203, 75.4 person-years following PrEP discontinuation), three individuals subsequently acquired HIV, translating to an HIV incidence following PrEP discontinuation of 3.9 cases per 100 person-years (95% CI: 1.3 to 12.1). 23 A limitation of this study was that we were unable to identify if any incident HIV infections were diagnosed outside of l'Actuel. The most commonly reported reasons for PrEP discontinuation include side effects (14%), changes in sexual behaviours such as entry into a stable relationship with a seronegative (13%) or undetectable partners (5%), periods of sexual abstinence (10%), cost (7%) or health insurance issues (2%), and a preference for condoms over PrEP (3%). 
Open access risk compensation
The phenomenon of 'risk compensation' describes a theory whereby individuals may increase their sexual activity or alter their behaviour due to the perceived protective effects conferred by PrEP. 24 Changes in sexual behaviour among PrEP users in the cohort is heterogenous and, given the observational nature of the cohort, difficult to causally attribute to PrEP use alone. Among 355 individuals taking PrEP from January 2011 to August 2015, we previously investigated changes in behaviours following PrEP initiation, measured as increases in sexual partners and/or condomless sex acts within the first 3 months of PrEP use. Overall, only 25% of participants reported increases in those behaviours following PrEP initiation, while 43% reported no change and 32% reported decreases. 25 Results from this study also indicated that participants were engaging in high-risk sex prior to starting PrEP, with 73% of participants having more than 10 partners within the past year, 80% having a history of STIs and nearly half of participants reporting inconsisent condom use at baseline. Findings from this study indicated that PrEP was being accessed by MSM with ongoing risks for HIV.
Incident stI risk
With respect to STI risk, we previously measured STI incidence in the PrEP cohort among a subgroup of participants who received lab-based STI screening for 12 months prior to PrEP start. This study covered the period from 2010 to 2015 and included 109 PrEP users.
We found moderate increases in STI rates among individuals in the 12 months following PrEP initiation versus the 12 months prior (Incidence Rate Ratio (IRR): 1.72, (95% CI 1.22 to 2.41)). 26 Participants in this study attended a greater number of STI screening visits in the year on PrEP (median 5 visits, IQR: 4-5) relative to the year prior to initiating PrEP (median 3 visits, IQR: 2-5). When the relative risk was adjusted for differential rates of screening, we found a moderate increased STI risk in the year following PrEP initiation (adjusted IRR: 1.39, (95% CI 0.98 to 1.96)), although negligible increases in STI risk could not be ruled out. Furthermore, we highlight that the majority of PrEP users did not acquire any STIs (53%) in the 12 months following PrEP initiation, and the overall rates of increased STI risk were likely driven by subset of individuals engaging in more condomless sex. Findings demonstrate once more that PrEP users in our cohort have heterogeneous behaviours and levels of risk. Our results fall in line with other observational studies showing increases in rates of STI detection after initiating PrEP. 27 28 STI incidence rates among PrEP users in our cohort are similar to those measured among MSM using PrEP in other settings internationally. 29 As noted by others, investigating the relationship between PrEP and potential increases in STI risk is challenging and subjected to several limitations inherent to real world studies when experimental designs cannot be used. 30 Specifically, these results are mainly limited by a relatively small sample size, precluding our ability to calculate precise estimates ARV, antiretroviral medication; PEP, post-exposure prophylaxis; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.
Open access of changes in STI rates by site (ie, anal, oral, urethral) or implement analytic methods to control for temporal change in STI rates.
Patterns of PreP use
We have investigated PrEP prescription patterns and compared differences between individuals who initiate PrEP as a daily or intermittent 'on-demand' regimen. With respect to compliance to the protocol of quarterly PrEP visits, we have found no difference between daily and on-demand PrEP users in a sub-study including individuals who initiated PrEP up to May 1, 2016 (followed up to May 1, 2017) . 32 Overall, 58% of PrEP users demonstrated optimal protocol compliance (at least one visit per 3 months), 25% had near-optimal compliance (one visit per 3-4 months), 11% had suboptimal compliance Open access
(1 visit per 4-6 months) and 5% had inadequate compliance (6 months or more between visits). Using data from the l'Actuel PrEP Cohort to measure patterns of PrEP discontinuation from January 1, 2011 to September 1, 2017 (n=1258), it was observed that 36% of participants were consistent in their PrEP use and attended routine follow-up visits, whereas 9% of participants used PrEP episodically, defined as temporary discontinuations in their PrEP use of 6 months or longer. 23 Additionally 17% of participants reported PrEP discontinuation at a PrEP visit, and 38% of participants ceased returning for PrEP follow-up visits and are considered to have been lost to follow-up. These patterns of PrEP discontinuation observed in our cohort may be reflective of the 'seasons of risk' theory, which posits that some individuals may be inclined to seek PrEP during short periods of anticipated risk (such as vacations), and discontinue PrEP after those periods pass. 33 We have investigated whether clinic access may be a predictor of being lost-to-follow-up from PrEP care in an exploratory study seeking to evaluate geospatial elements of retention in PrEP care. 34 In this study, which included data from 1472 individuals initiating PrEP from January 2011 to April 2018, we found that greater distance from an individual's residence to the l'Actuel clinic and younger age were associated with lower retention in PrEP care.
Finally, we highlight challenges in delivering PrEP within the l'Actuel PrEP Cohort. First, while the cost of PrEP is subsidised via the Quebec public drug plan, over the course of the study period, users paid a copayment $80-90 CAD for 30 pills of PrEP if not covered by supplemental private insurance or if they do not qualify for exemptions. There are no fees for accessing medical visits to prescribe PrEP or follow-up visits and lab testing is free of charge unless patients opt to pay $15 CAD per visit for an expedited process. Costs may be a barrier to accessing PrEP for lower-income individuals. Our sociodemographic data indicates that the annual income of individuals in the cohort is relatively high, which suggests lower income individuals may not be accessing PrEP as needed. Further efforts to reduce out-of-pocket expenditures for PrEP in Quebec are important to maximise population-level reductions in HIV transmission. National efforts are also underway to make PrEP reimbursable at low-cost in other Canadian provinces. 15 strengths and limitations A limitation of the l'Actuel PrEP Cohort is that these results represent the experience of a single-site clinic and may not be generalisable to other sites in Quebec or Canada. Unfortunately, there is no data available at present to quantify the total number of PrEP users in Montreal or the proportion of PrEP users accessing care at Clinique l'Actuel. However, we feel that the l'Actuel PrEP Cohort is broadly representative of PrEP users in Montreal given that Clinique l'Actuel is the largest PrEP provider in the city and was the first sexual health clinic to offer this prevention method in Montreal. Following the official approval of PrEP by Health Canada in February 2016, 35 more options for accessing PrEP became available (at other sexual health clinics and through individual providers), which may slightly increase the proportion of users that are lost-to-follow-up and continuing PrEP care elsewhere. The Engage study, a cross-sectional respondent-driven sampling survey of MSM in Montreal, found that 78% of PrEP users accessed PrEP through a clinic specialised in sexual health in 2017-2018, such as Actuel. 36 A further limitation of the cohort is the use of routinely collected data, leading to missing observations (up to 20% for certain variables), which may present a risk of bias in findings. Finally, as in other cohorts, sexual behaviours are self-reported and subject to reporting bias.
The cohort's strengths include its large sample size and collection of detailed clinical, behavioural and laboratory data spanning over 5 years. The l'Actuel PrEP Cohort is currently the largest ongoing prospective PrEP cohort in Canada. The cohort is unique due to its substantial number of on-demand PrEP users, making it among the largest cohorts of on-demand PrEP users internationally. Data collection occurred as an integrated part of PrEP care; therefore the results are representative of local PrEP users.
In 2017, Montreal joined the Fast-Track City Initiative towards ending the HIV epidemic. PrEP is a key part of the combined prevention measures towards reducing HIV incidence to meet 95-95-95 targets by 2030. The l'Actuel PrEP Cohort will provide an evidence base to contribute towards public health monitoring of programme implementation. This work fits into international efforts to provide high-quality observational data on PrEP implementation among MSM In high-income countries. 
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